The aim of this study was to report the emergence of a recombinant human mastadenovirus (HAdV) type 85 (HAdV-85) and to describe its genomic and clinical characteristics. The strains were detected and identified in Japan in cases of adenoviral 
Based on the criteria for novel adenoviral types and the suggestion by the Human Adenovirus Working Group (http://hadvwg.gmu.edu/), this strain was assigned the HAdV genotype number 85 (HAdV-85).
The analysis of HAdV-85 evidenced characteristics of two major adenoviral EKC types-53 and 64-implying a recombinant origin between currently circulating infectious agents. The present study describes the clinical cases produced by this unique strain and the analysis comparing the complete genome sequence against other previously characterized types. These analyses support its distinction from other previously characterized types in HAdV-D.
| MATERIALS AND METHODS

| Virus detection and identification
As part of the national surveillance program in Japan, a total of 733 eye swabs were collected from 733 patients diagnosed with adenoviral conjunctivitis including EKC. HAdVs were detected and identified by viral culture 10 and PCR sequencing. 11 The clinical samples were inoculated in A549 cells maintained in Eagle's minimal essential medium supplemented with 2% fetal bovine serum. The cultures were observed for 3 weeks for cytopathic effects (CPEs) of HAdVs.
| Sequencing
The partial nucleotide sequences of encoding regions for penton base, hexon, and fiber, were determined 11 for all the 11 isolates having the unique combination: penton base (HAdV-37), hexon (HAdV- 19) , and fiber (HAdV-8). The 33 nucleotide sequences were deposited to the DDBJ, which belongs to the International Nucleotide Sequence
Database Collaboration (INSDC, http://www.insdc.org/), with the following accession numbers: penton base (LC318400-LC318409), hexon (LC318390-LC318399), and fiber (LC318380-LC318389).
To characterize the strains of the putative novel HAdV by recombination analysis over the complete genome sequence, one of the isolates was selected as the representative strain. The genome of the representative strain was fully sequenced by Macrogen Corp.
Japan (Kyoto, Japan) with HiSeq 2500 (Illumina, San Diego, CA) and assembled with CLC Genomics workbench (CLC bio, Aarhus, Denmark). The sequences of both terminal ends were determined by Sanger sequencing. The complete genome sequence was deposited to the DDBJ database (INSDC) with the accession number LC314153.
| Computational analysis of the complete genome sequence
The complete genome sequence of HAdV-85 (LC314153) and the nucleotide sequences predicted to encode the capsid proteins, penton base, hexon, and fiber, were aligned to homologous sequences of other types of HAdV-D. The multiple sequence alignments were built with MAFFT software (http://mafft.cbrc.jp/alignment/server/index. html). 12 Maximum likelihood phylogenetic trees for the four alignments were inferred using RAxML v8.2 13 and PhyML 3.0 (http://www. atgc-montpellier.fr/phyml/) 14 ; in both tools, after finding the best tree, the topology support was estimated with bootstrap using 1000
repetitions. In addition, the inferred topologies were confirmed by independent Bayesian analyses for the four alignments with MrBayes v3.2 15 with chain lengths of 1 000 000 generations to assure convergence and the average standard deviations of split frequencies were <0.01 in all analyses, following MrBayes user's guide. In the three tools, the parameters were set to the general time reversible evolutionary substitution model (GTR) and allowing for rate heterogeneity among the sites modeled with a gamma distribution with four categories and a separate category for invariant sites (GTR + G + I).
Then, consensus trees were built by annotating the tree generated by HAdV-85 and other types that showed some evidence of recombination. The same parameters were used in a bootscan analysis by Simplot software.
The pairwise identities of the genomes and major capsid coding sequences were calculated with BioEdit. 19 Additionally, the amino acid sequences of the hexon protein were compared with CLUSTALX 2.1. 
| Clinical data
The observed symptoms of the infections and their severity were recorded as adenoviral conjunctivitis, and their distribution was analyzed for the 11 cases in which HAdV-85 had been detected. in Table 1 ).
| Neutralizing assays
| Clinical information on the HAdV-85
The 11 cases identified with HAdV-85 exhibited clinical characteristics shown in Table 2 . The average age among patients was 43 ± 16 years old. Based on the severity of the infections, 73% of the cases were diagnosed as severe adenoviral conjunctivitis. Specifically, from the recorded cases, 73% also developed infections in the second eye,
showing the high infectivity of the adenovirus. It was also observed that 27% of the cases showed strong eyelid conjunctival hyperemia and bulbar conjunctival hyperemia; all cases showed conjunctival hemorrhage and 73% swelling of the lid margin, 63% preauricular adenopathy, 73% eye discharge, 63% watery discharge, and 73%
foreign body sensation. The presence of these symptoms was a strong indicator of the presence of types related to severe adenoviral conjunctivitis as reported previously. 1,2 However, to avoid an inaccurate clinical description in this study, the 11 cases were diagnosed as adenoviral conjunctivitis, because EKC-characteristic corneal symptoms such as inflammatory infiltration are rarely observed at the onset of the infection, and eight among the 11 cases lacked a proper follow-up to support an EKC diagnosis.
| HAdV-85 genome analysis
The partial sequences for the encoding regions of penton base, hexon, and fiber were determined for the 11 samples and compared with the closest match in the NT/NR database 21 queried with BLASTn. 22 The 
| Recombination analysis
The multiple sequence alignment of the genomes was analyzed with RDP in search of reliable recombination events that could explain the inconsistency observed between the phylogenetic trees of the hexon and the other two major capsid proteins. The bootscan analysis identified two putative recombination events involving types 53 as the Figure 2B ), which have been demonstrated to be frequently recombined in this species. 23 The second event was detected independently by the seven algorithms in RDP with strong support (P < 10 −14 ) ( Figure 2C ). Since the section between both recombined regions has remained highly conserved across types in this species, 24 it was suggested that both regions were part of a single recombination event. However, this possibility lacked support from the bootscan analysis, which showed lower support for HAdV-85 clustering with HAdV-64 than with HAdV-53 in the region between both putative recombinant regions (Figure 2A ).
The putatively recombined regions were confirmed with a similarity analysis comparing the whole genome sequences of 
| Neutralization assays
HAdV-85 isolates were not neutralized by anti-HAdV-1, −2, −3, −4, −5, −6, −11, or −37 sera. However, HAdV-85 isolates were neutralized completely by anti-HAdV-19 (5 units) and partially by anti-HAdV-8.
These results were concordant with the putative identity of the recombinant parent for the hexon region in HAdV-85 as HAdV-64, which hexon region corresponds to HAdV-19. 6 In contrast, the weak neutralization by anti-HAdV-8 serum was expected because the fiber in HAdV-85 was almost identical to that in HAdV-53, which is highly similar to HAdV-8. 7 Although the neutralization profile is mainly determined by the hexon protein, the penton base, and fiber are also related to a lesser degree in the neutralization of the virus. In the absence of known treatments against adenoviral conjunctivitis including EKC beyond symptomatic application of drugs, surveillance of infectious diseases is the only method by which to take proper actions. Therefore, recognizing and characterizing the emerging infectious agents lead to the appropriate response to reduce the health consequences for the community and limit the risk of nosocomial outbreaks.
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